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REYES SYNDROME
UNDER ATTACK
AT UMAINE
by MaryAnn Jerkofsky

For most children, chickenpox is a nuisance childhood
disease. Since there is no commercially available vaccine
to prevent infection, every child will be expected to develop
the disease, usually between the ages of five and twelve.
This means at least a one week period during which the
child will be confined to bed with a low-grade fever and
an itchy vesicular rash. The disease is self-limiting and the
child will recover completely within two weeks.
The virus which causes chickenpox is a human
herpesvirus called varicella (chickenpox)-zoster (shingles)
virus (VZV). As is characteristic for herpesviruses, the VZ
virus is not entirely eliminated from the body with physical
recovery. Instead, it migrates up the sensory branch of
nerves and remains in a latent or masked form in the spinal
ganglia of the affected nerves. In many cases, this is the
end of the disease process; the virus will remain present
in an inactive form in the spinal ganglia of various nerves
throughout the individual’s life. In other cases, many years
later, the latent virus will be reactivated and stimulated to
replicate. It will migrate down the sensory nerve and again
produce vesicular lesions on the skin. This time the whole
body will not be affected. Instead the lesion will be limited
to the area of skin enervated by that branch of the nerve.
Since the sensory branch of the nerve is involved, the
developing lesions are very painful. This disease process,
the reactivation of latent VZ virus, is called zoster or
shingles. Although it can occur in anyone, it is most fre
quent in individuals whose immune system has been com
promised, such as organ transplant recipients or cancer
patients.

MaryAnn Jerkofsky is Associate Professor ofMicrobiology at the Univer
sity of Maine. She earned her Ph.D. at Baylor College of Medicine,
and her research interestsfocus on cancer viruses, especially Herpesviruses.
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Reye’s syndrome is a rare but more serious consequence
of VZV infection. This biphasic disease process follows
chickenpox or influenza B infection. The calculated rates
are 35 cases of Reye’s Syndrome (RS) per 100,000 cases
of influenza B and 17 cases of RS per 100,000 cases of
chickenpox (1). Initially the child will develop a typical case
of chickenpox. This disease process is not particularly
severe. As the child is recovering from the initial disease,
symptoms of the second phase (Reye’s Syndrome) develop:
projectile vomiting, swelling of the brain, coma, and possi
ble death. One internal feature of the disease process is a
fatty infiltration of the internal organs. This is usually
revealed by finding fat or lipid deposits in liver cells removed
by a needle biopsy.
At the present time there is no way to predict which
children will develop Reye’s Syndrome following chicken
pox or influenza B. Several theories have been proposed
to explain the development of the secondary disease pro
cess but no final answer has been obtained. One of the prob
lems is that there is no satisfactory animal model for Reye’s
Syndrome. In my research laboratory in the Department
of Microbiology we are attempting to use an in vitro model
system with VZ virus to study possible mechanisms for the
development of the disease process in vivo in children. Our
research is based upon two hypotheses: 1. that there are
genetic variants of VZ virus which determine the relative
risk of developing Reye’s Syndrome; and/or 2. an en
vironmental factor triggers the expression of Reye’s Syn
drome in certain exposed children.
To test the first hypothesis, we have examined wild type
circulating strains of VZ virus isolated from clinical
specimens in various parts of the United States: Universi
ty of Maine; Pittsburg School of Public Health; Universi
ty of Texas Health Science Center at San Antonio, and Na
tional Institutes of Health. Since Reye’s Syndrome involves

deposition of lipids in internal organs, we have examined
lipid metabolism in cultures of human embryonic lung
(HEL) cells infected with various isolates of VZ virus (2).
Cells are exposed to a radioactive precursor (14C-acetate)
of lipids. Following the extraction of total lipid from the
cells, the amount of radioactive precursor, called label, in
corporated into various lipid components is determined.
The collected data are analyzed in two ways. The first
way uses the relative percent of label incorporated into the
various components. The total amount of label incor
porated is 100 percent; the amount in each lipid compo
nent is a fraction of this total. In analyzing the 11 virus
strains by this procedure, we have found that all tested
strains of VZ virus produce a shift in the proportion of label
incorporated into neutral lipids, as compared to polar
' lipids. The neutral lipid component that is particularly in
creased is triglyceride. It is of interest that this is the lipid
deposited in the internal organs of children with Reye’s Syn
drome. Since this change is detected with all tested strains,
it appears to be a varicella-zoster virus-specific modifica
tion of lipid synthesis.
The second way of analyzing the data is to look at the
total amount of label incorporated as compared to an in
ternal standard. We have used the amount of protein pres
ent in the cells. This reflects the number of cells present
and gives a measure of the health and metabolism of the
cells. Therefore, the data are calculated as amount of label
incorporated per microgram (1 millionth of a gram) of pro
tein in the cells. When the data are analyzed by this pro
cedure, some strains of VZ virus decrease total lipid syn
thesis whereas the total amount of lipid synthesized in cells
infected with other strains is increased or the same as that
incorporated into the lipids of control uninfected cells. Since
different VZ virus strains react differently by this analysis,
there appears to be a VZV type-specific modification of
lipid synthesis m addition to the virus-specific modifica
tion noted earlier. Thus, based on the patterns of lipid syn
thesis in infected cells, two kinds of VZ virus appear to be
circulating in the human population. The risk of develop
ing Reye’s Syndrome may be different with each type of
VZ virus. We plan to continue these studies to determine
the mechanism of this difference and to determine if a
similar difference occurs with strains of influenza B.
In order to test the second hypothesis, we are using an
in vitro VZ virus enhancement system to study the possible
contribution of environmental factors to the development
of Reye’s Syndrome (3). Several such environmental fac
tors have been postulated. The most widely known is
aspirin. Children who took aspirin during the initial in
fection, either influenza B or chickenpox, had a greater risk
of developing Reye’s Syndrome than children who did not
take aspirin (4). Later studies have shown that aspirin en
hances the replication VZ virus in cultured cells (5). Warn
ings against using aspirin in treating children with influenza

or chickenpox are placed on bottles of aspirin (6). We have
also demonstrated that certain pesticides enhance the
replication of VZ virus in cultured cells (3). By determin
ing how these environmental factors enhance VZ virus
replication tn vitro we may come closer to understanding
how Reye’s Syndrome develops in children.
One of the problems associated with these in vitro studies
of VZ virus is the cell-associated nature of infectious VZ
virus in vitro. In nature, VZ virus circulates easily in the
human population as cell-free virus; chickenpox is a highly
contagious disease that is easily transmitted in the human
population. However, once the VZ virus replicates in
cultured cells in vitro, it becomes cell-associated. This means
that when infected cells are opened to remove and concen
trate VZ virus, the infectivity is destroyed. In order to
maintain the infectious nature of VZ virus in vitro, intact
infected cells must serve as the inoculum. This presents
problems. It is difficult to obtain large quantities of virus.
It is difficult to predict the amount of infectious material
in a particular inoculum. It is difficult to predict when max
imum levels of virus will be produced. Most important, it
is impossible to develop a synchronous cycle of infection;
different infected cells are in different stages of virus
production.
Many investigators have tried many techniques to
develop high titers of cell-free VZ virus but none are
routinely successful. One new idea is to use a transfection
assay which uses infectious DNA as the inoculum (7). The
laboratory that has pioneered this technique is the
laboratory of Jan van der Noordaa at the University of
Amsterdam in The Netherlands. I was invited to spend my
six month sabbatical leave in this laboratory to learn the
technique. During this sabbatical we modified the tech
nique so that it is even more useful. I have continued to
collaborate with these investigators since my return.
In the original technique, large volumes of VZ virus were
prepared from cells growing in roller bottles. The cells are
attached to the inner surface of the bottles which are con
tinuously rotated during incubation. Thus, the cell surface
is continually bathed in moving growth medium. The con
tinuously moving fluid reduces the volume of fluid required
to keep the cells moist and supplied with nutrients. The
fluid and cells from 15 such infected roller bottle cultures
are harvested and the VZ virus particles or virions are
purified and concentrated. Virus DNA is then isolated from
the purified virions. About 2 micrograms of VZ virus DNA
are obtained from each roller bottle. The DNA is mixed
with carrier DNA to form a precipitate in a solution of
calcium chloride. This precipitate is mixed with suscepti
ble cells in suspension. The cells are then permitted to at
tach to a surface. An applied osmotic shock causes the cells
to take up the DNA. The DNA will replicate in the cells
and produce new virus and viral cytopathic effects (CPE).
This viral CPE is shown in Figure 1. Newly formed infec3

Figure 1. VZV-infected cell displaying viral cytopathic effects (CPE).
The cell to the left is healthy; the infected cell is on the right.

tious virus will spread to nearby cells, infect, and damage
them. This produces a focus of infected cells or a plaque
(Figure 2). These foci can be counted and the number of
foci or plaques formed per microgram of VZ virus DNA
determined. Usually the titer for such infectious DNA is
30-40 plaques per microgram of VZ virus DNA.
Since excess DNA must be added to form the precipitate,
we tried to produce infectious VZ virus DNA by extract
ing the total DNA from VZ virus-infected cells without first
purifying virions. Thus, both VZ virus DNA and cell DNA
are present. This made the procedure much simpler and
reduced the volume from 15 roller bottles (500 ml) to 4 sta
tionary bottles (50 ml). The titer of DNA isolated by this
technique is about 10-12 plaques per microgram of total
(viral and cell) DNA. We have produced sufficient quan
tities of infectious VZ virus DNA from this technique to
perform several experiments.
Our first experiments have been to determine that a syn
chronous cycle of infection has occurred and to determine
the time course for a single virus replicative cycle. For com
parison, we first performed these experiments with herpes
simplex virus type 1 (HSV-1), a relative of VZ virus which
produces cold sores or fever blisters in vivo and replicates
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as cell-free virus. Infectious HSV-1 virions are added to
cultures of cells and allowed to attach. Unattached virus
is washed off and culture medium added. At selected times,
the cultures are harvested and the number of infectious
HSV-1 virions determined. A representative experiment is
presented in Figure 3. The level of input virus is initially
reduced as the HSV-1 attaches to the cells and enters into
the viral replicative cycle. At 8 hours post-inoculation there
is a sharp rise in the level of infectious HSV-1 as newly
replicated virus is produced. This reaches the peak at 20
hours post-inoculation and then declines. This is the typical
pattern of cell-free virus replication: a synchronous cycle
of replication with a single virus replication cycle.
Using VZ virus, we have compared virus spread from
cells inoculated with infectious DNA with the spread of
virus in cultures inoculated with cell-associated VZ virus.
At selected times after inoculation, the number of infec
tious centers present in each culture is determined. The
results are presented in graph form. Figure 4 shows the
growth curve for cell-associated virus. Many infectious
centers are present 8 hours post-inoculation. The number
increases continuously, with the maximum titer produced
at 40 hours post-inoculation, when all of the cells in the

Figure 2. Plaque of VZV-infected cells.
Healthy cells are visible to the left; the plaque formation
is to the right.
culture are infected. After that time there is some loss in
titer as the infected cells die and can no longer transmit
virus to susceptible cells. Figure 5 shows the growth curve
for infectious VZ virus and cell DNA. No virus spread is
detected for the first 72 hours post-inoculation; the input
levels of virus remain constant. There is a sharp rise in titer
after that as newly-formed virus spreads to nearby
uninfected cells. The results are similar when DNA is
isolated from purified VZ virions (Figure 6). Thus, the syn
chronous single cycle of replication of VZ virus DNA is
72 hours.
Therefore, with the collaboration of this laboratory at
the University of Maine and the laboratory at the Univer
sity of Amsterdam a refinement of the transfection assay
has led to an easily reproducible method to produce a syn
chronous infection cycle of VZ virus. This should increase
the sensitivity of many assay systems because all of the cells
in the culture are in the same stage of virus replication and
permit experiments with VZ virus that were not possible
before.

Figure 3. Single step growth curve of cell-free herpes
simplex virus type 1 (HSV-1).
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MAINE SERVICE ABROAD:
Using Labor Market Results
for Planning Education and Training
in Developing Countries
by David H. Clark

Virtually every developing country has to make choices
regarding education and training, and these choices all have
economic significance.1 It has been recognized for a number
of years that education can contribute to economic develop
ment. Education and training are investments in people,
investments in human capital. Like investing in physical
capital, resources devoted to human capital represent pres
ent costs that — potentially at least — can be more than
recaptured in the future through higher incomes out of in
creased economic growth. Indeed, most development
economists would consider investments in human capital
to be a necessary (but not sufficient) condition for economic
growth to occur.2 However, education is expensive; if
resources are used for education they are not available for
use in any number of other socially worthwhile projects like
roads, irrigation systems, hydro-electric dams, or poverty
relief. And within the education sector, if more resources
are used for academic secondary education, for example,
less is available for primary schooling or schooling in voca
tional secondary schools.

David H. Clark is Professor of Economics at the University ofMaine.
He earned his Ph.D. from the University of Wisconsin with a major
field in Labor Economics. Currently serving as a consultant to the World
Bank, he has served as Chief Technical Advisor to the International
Labour Office, Manpower Planning Project, Ministry ofManpower,
Jakarta; as Visiting Professor in the Department of Economics and
Statistics at the National University of Singapore; as a Lecturer to the
National Trades Union Congress (Singapore) Advanced Development
Programme for Union Leaders and Industrial Relations Officers; as
Consultant to the Indonesian Educational Finance Project, U.S. Agency
for International Development, Jakarta; as a Fellow to the Cultural
Relations Programme of the South-East Asia Treaty Organization, and
as Assistant Director of the Economic Research Centre at the Universi
ty of Singapore. His current research focuses on establishing procedures
whereby labor market information from a number of sources can be used
to establish prioritiesfor education and training programs in a develop
ing country.

Thus choices have to be made: should more (or less)
resources be devoted to investments in human capital (or
used elsewhere)? Within the education sector, there are
choices whether to expand the university system, second
ary education, or primary education; how many second
ary students are to be taught academic and how many
technical (practical) subjects; are government resources to
be used for training persons in job skills, and, if so, are
job skills to be taught in schools, training institutes or in
employment; should increased resources go for quantity or
quality. The entire set of issues is the typical economic prob
lem: limited resources and unlimited wants, but perhaps
magnified in a developing country because of low standards
of living among most of its population and an almost
endless list of high priority uses for the nation’s resources.
Economic analysis can help in making these choices. Not
only can the costs of various choices be quantified, but
economic analysis can begin to measure the economic ef
fects of various choices.
The method most commonly used by advisors to govern
ments of developing countries in determining their recom
mendations about education and training programs is the
manpower requirements approach. This method has very little
economic content; rather, it is largely an engineering ap
proach to the issues. Results are obtained by making man
power projections and determining, first, the occupational
and, subsequently, the educational/training needs from those
projections. After comparing projected future needs with cur
rent supplies, the planner arrives at a list of what educa
tion and training programs should be providing. The validi
ty of this technique has been sharply questioned. It has been
shown, both empirically and conceptually, to be faulty and
misleading. Nevertheless, the manpower requirements ap
proach is still what most policy-makers in developing coun
tries mean by the term manpower planning and is the techni
que they look to when assessing needs for education or
training. One reason that this approach continues to be
used, even though its problems are generally recognized,
is that there has been no reasonable replacement.
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The major islands of Indonesia are Sumatra, Jawa,
Kalimantan, Sulawesi, Irian Jaya and many smaller
nearby islands.
An alternative approach, or a new orientation to manpower
planning, is now being developed and promoted by some
of the international agencies providing technical assistance
to developing countries, including the World Bank and the
International Labour Office? This alternative approach
puts much less emphasis on manpower projections and
more emphasis on analysis of the operation of the labor
markets at all skill levels. Under the new orientations the
issue is not to determine total training needs in a country
but how government resources of that country can be best
used to deal with its manpower problems. It is a much less
technical and a more economic approach that is continually set
ting priorities for training and education, rather than pro
viding a list of total needs.
I have been working during the past several years in help
ing the government of Indonesia implement an approach
toward the planning of human resources that relies largely
on labor market analysis. In the process, I hope to further
develop the concepts involved in the new orientations as well
as test their applicability in one of the larger, more impor
tant developing countries. Following are two examples of
the work I have been doing.
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INDONESIA
Population: 173 million; world’s fifth largest coun
try. (US is 239 million; world’s fourth
largest) annual growth in population:
2.2% (US is .9%).
Land area: 735,000 square miles. (US is 3,615,000
sq. miles).
Principal islands: Sumatra, southern 2/3 of Borneo,
Java, Bali, Sulawesi, western half of New
Guinea.
Per capita income (in US dollars): $540. (US is
$13,490).
Energy consumed per capita (kilograms of coal
equivalent): 240. (US is 9,304).
Life expectancy at birth: 53 years. (US is 75).
Infant mortality (per 1000 births): 112. (US is 11).
Percent of GNP from agriculture: 26%. (US is
2.5%).
Percent of labor force in agriculture: 56% (US
is 3%).

Should Secondary Education be Expanded?
Indonesia is a large, diverse country with a relatively low
enrollment rate in secondary schools, and relatively low
educational attainment in its population.4 There has been
a great deal of political pressure to increase the size of
secondary schools. The economic signals regarding the
usefulness of further investments in secondary education,
however, seem to be paradoxical. On one hand, Indonesia
has a substantial amount of unemployment with the highest
rates found among secondary school graduates. On the
other hand, those graduates who have jobs are earning
much more than persons with lesser amounts of education.
The small number of secondary schools and the substan
tially better labor market results of graduates, once they
get work, point to expansion. However, the high rates of
unemployment could be interpreted as evidence of an over
supply of secondary school graduates; schools whose
graduates cannot find work should not be expanded and
consideration should be given to either changes or con
traction.5
To help deal with this issue the team mounted a tracer
study for a nationwide cohort of more than 3000 second
ary school graduates. Individuals were interviewed one and
two years after leaving school about their jobs and job seek
ing experience since graduating. Such a data set is almost
unheard of in developing countries. A typical labor force
survey measuring employment and unemployment status
represents a snapshot at a moment in time: it shows the
current situation but little can be learned about the
dynamics of the labor market. In contrast, cohort data per
mits the analyst to measure the flows as well as the stocks
of labor and thereby identify important information about
the mechanics of jobs and joblessness.6
Analysis of the data from the Indonesian tracer study
cohort indicated that the seemingly high unemployment
rates as reported in the national labor force surveys were
not evidence of an oversupply of such graduates. Indone
sian unemployment is mainly of persons who are in the
midst of a long spell of unemployment, most of whom are
young persons who are in the process of going from school
to work. The process of moving from school to work can
be a lengthy one for many young persons. Some are slow
to enter the labor market; they want to continue their
education, or take courses, or be at home. Many at first
do very little to find work when they do want a job. Some
are willing to take low paid work but many want only
reasonably paid work, and are willing and able to wait for
such ajob. Also, the labor market operates slowly, even for
those who have a clear idea of the job they want and how
to go about getting that job. Thus, young people are ab
sorbed into the labor market and into jobs very slowly and
this situation generates the high unemployment rates. In
the end, virtually all senior secondary graduates who want
work are absorbed into jobs, at pay rates that are substan

tially higher than among those with lesser amounts of
education. Even with the long wait for graduates to get jobs,
we found senior secondary education to be a good invest
ment and one warranting expansion.7
These conclusions, in turn, were used as part of the basis
for a substantial loan from the World Bank to the govern
ment of Indonesia to expand secondary education, primari
ly academic secondary education.
Government Training Institutes (BLKIs)
A second issue concerned government run training pro
grams. The government of Indonesia runs a nationwide
system of industrial training institutes (called BLKIs). The
BLKI provides three months of preemployment training
in a variety of skill areas for unemployed young persons,
most of whom have never worked.
There is general agreement that a major reason for low
levels of productivity and high labor costs in Indonesia is
the poor quality of training among the nation’s work force.
Thus, training programs, like the BLKI, have a great deal
of potential value. The issue we investigated was whether
these BLKIs are good investments and warrant expansion.
Data came from two separate inquiries: (a) a tracer study
of employment experience for recent BLKI graduates
(along with a control group of similar young persons who
had not gone to a BLKI); and, (b), a survey of firms about
how they fill their production jobs.
Returns from the tracer indicate some positive effects of
BLKI training: the proportion of BLKI graduates who were
working or had worked was somewhat higher than among
the control group; among those working, BLKI graduates
were earning a higher rate of pay than members of the con
trol group, which, if maintained for a reasonable period
of time, would more than repay the costs of training; and,
virtually all those graduates who were working reported
that their training was useful in their work.
Nevertheless, a majority of the BLKI graduates were not
working at the time of the survey, and many had never
worked. BLKI training is but three months in length. There
are no conclusive signs that the training itself is ineffective
but unless the placement record is improved through more
rapid absorption into work, it seems clear that much of the
investment in training has been lost.
What has gone wrong? The main problem is that the
BLKI does not have close ties with the labor market. The
interviews with firms indicated that: government training
programs are only one of many sources of skill in the
economy; internal labor markets,6 where hiring is done only
at certain entry-level jobs while all other jobs are filled from
within the firm, were widely prevalent; and, when
employers do hire workers from outside the firm, through
a port of entry, they rely largely on informal methods to
obtain workers. BLKI students, on completing their train
ing, are turned over to the government labor exchange
which assists in their placement. However, virtually none

9

of the employers contacted through the study hired workers
through the government employment service.
Implications for the Planning of Training Programs.
The results of this labor market analysis showed that much
of the current investment in BLKI training was being
wasted. While skill training is probably needed, and the
government should have a comparative advantage in cer
tain types of training, the present system of BLKIs should
be changed. Some of the directions for change that have
come out of the analysis are the following:
1. Adjust program offerings to local conditions.
The tracer study showed wide variation between loca
tions in the proportion of BLKI graduates who were
able to get jobs, and considerable variation in the suc
cess of graduates from the different programs within
each location. These results indicate that very dif
ferent approaches toward training may be needed in
the different areas of Indonesia.
2. Take more care in the selection of students.
Some age and educational groups had better results
with the program than did others.
3. Establish closer ties to the labor markets in
cluding: coordinate program offerings with training
already taking place in the firms; coordinate train
ing with hiring practices; and, expand the respon
sibility of the BLKI to include helping graduates get
a job.
It is still too early to identify policy changes from the
BLKI studies. We have, so far, alerted policymakers to the
faults we discovered in the present system.

The next steps
Both of these studies yielded useful yet tentative policy ad
vice to decision makers in Indonesia, plus further under
standing about the operations of labor markets that could
be used in developing other human capital investment pro
grams. Perhaps even more important is that the studies are
a first step in developing the coherent set of data needed
to support the new orientations of manpower planning.
Plans are now underway to regularize the collection of
tracer study data for decision-making at local and national
levels; to make more intensive use of existing data sources
(reaggregating raw data from labor force or other household
surveys or using in multivariate analysis); to investigate the
use of administrative data from such sources as labor ex
changes, school enrollments, and social security records;
and, to try out new data sources such as organizing a Key
Informant System. I hope to continue to participate in these
developments.
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‘There are certainly important effects of education that
are not strictly economic. Nation-building, say, through a
common language is one that immediately comes to mind.
The point is that economic effects may not be the only out
comes, but they are important and are being taken into
account in making most of the decisions listed in these
paragraphs.
2See R.M. Sundrum, Development Economics, Wiley, 1983.
The seminal work in human capital theory is G.S. Becker,
Human Capital, National Bureau of Economic Research,
1964.
3G. Psacharopoulos, “Assessing Training Priorities in
Developing Countries: Current Practice and Possible Alter
natives”, International Labour Review, Vol. 123, No. 6,
September-October 1984, pp 569-583. L. Richter, “Man
power Planning in Developing Countries: Changing Ap
proaches and Emphases” International Labour Review, Vol. 123,
No. 6, November-December 1984, pp 677-692. A summary
of the criticisms about the manpower requirements ap
proach plus suggestions about a new orientation are found
in G. Psacharopoulos, K. Hinchliffe, C. Dougherty, and
R. Hollister, Manpower Issues in Educational Investment, A Con
sideration of Planning Processes and Techniques, World Bank Staff
Working Papers No. 624, Washington, 1983.
4Comparative data can be found in the latest edition of
World Bank, World Development Report, Oxford University
Press.
’There are political as well as economic problems if an
oversupply exists. Reasonably well-educated young persons
who find they cannot get the work that they expect can be
an important source of political dissent.
6For an American example measuring stocks and flows
of labor see Stephen T. Marston, “Employment Instability
and High Unemployment Rates,” Brookings Papers on Economic
Activity, No. 1, 1976, pp 169-210.
’Complete results can be found in D.H. Clark, How Sec
ondary School Graduates perform in the Labor Market: A Study of
Indonesia, Staff Working Paper Number 615 (Washington,
World Bank, 1983).
8P.B. Doeringer and MJ. Piore, Internal Labor Markets and
Manpower Analysis, (Lexington, Mass., D.C. Heath and Com
pany, 1971).

FEELING AND FORM:
Four American Paintings
in the University of Maine Art Coilection
by David Ebitz

The University of Maine Art Collection was founded in
1946, one of the first land-grant university collections in
the United States,1 and the second collection of art at the
University of Maine. Following the pattern of the day, the
first collection of art at the University was a collection of
casts and reproductions organized at the turn of the cen
tury by John Homer Huddilston, a professor of Classics.
Remnants of this collection of reproductions can be found
in Carnegie Hall today. In order to support the collection,
Professor Huddilston founded an art guild which sponsored
lectures from 1900 to 1904.2 When Vincent A. Hartgen was
hired in 1946 to head a new art department, he began col
lecting and exhibiting original art as well. The first works
in the new Art Collection were a group of approximately
forty prints that earlier had been given to what was then
Carnegie Library by the Carnegie Foundation. The Art
Collection and the art department moved with the music
department into Carnegie when Fogler Library was com
pleted in 1947. In the late 1960’s, Carnegie was renovated
and has since then been devoted exclusively to the visual
arts. The Art Collection has grown to become one of the
most significant land-grant university collections in the
United States, with more than 4,000 works of art, including
2,500 prints and 1,200 paintings.
In order to reach and educate people with little ex
perience of art, Vincent Hartgen placed the majority of
these works of art in public spaces and offices all over the
University of Maine campus. They remain there for the
enjoyment of the University community and public today.
The Art Collection also mounts approximately eighteen ex-
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hibitions each year in five galleries, two in Carnegie Hall,
two in the Memorial Union, and one in Alumni Hall.
These exhibitions include individual and group shows of
the best artists working in Maine and across the country.
Two years ago, for example, we presented the definitive
retrospective of the paintings of Waldo Peirce.3 Other ex
hibitions make use of work-in the permanent collection
and on loan to explore a particular subject matter, medium,
period, or culture, such as Landscape Into Art, 1483-1983
(1983), Abstracting Likeness, Portraiture 1493-1983 (1984), The
Baroque Print (1985), and Society Under Scrutiny, Three Centuries
of Caricature (1986). A number of these exhibitions give
undergraduate students at the University a rare opportuni
ty to participate in every aspect of mounting a show, from
selecting the works, arranging for loans, doing research and
writing catalogue entries, to matting, framing, and install
ing the exhibition. In addition, each year the Art Collec
tion circulates twenty-five small exhibits to schools and
libraries around the State, a program initiated by Vincent
Hartgen and named in his honor. In these ways the per
manent collection and exhibition program of the Art Col
lection have served as a cultural resource for the Universi
ty community and State of Maine, and at the same time
have provided an extraordinary educational opportunity
for our students.
The Art Collection includes extremely fine paintings by
such important artists as William Bouguereau, George Inness (Fig.2), John Marin, and Gyorgy Kepes (Fig.3), and
large collections of the work of such painters of regional
and national prominence as William Gropper (Fig.l),
Waldo Peirce, Carl Sprinchorn, and Edmund G. Schildknecht (Cover). The Collection also includes one of the
finest public university print collections. It ranges from
many significant examples of the work of such eighteenth
century printmakers as Giovanni Battista Piranesi and
William Hogarth to an extensive collection of prints by such
nineteenth- and twentieth-century European and American
artists as Goya, Daumier, Kaethe Kollwitz, Rouault,
Picasso, Winslow Homer, James A. McN. Whistler, Regi
nald Marsh, and Jim Dine.
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Four Gifts
The strength and breadth of the University of Maine Art
Collection testify to the generosity of numerous private
benefactors who have given their works of art or funds to
purchase art over the years. Beginning with the prints given
by the Carnegie Foundation, almost every significant ad
dition to the permanent collection has been the result of
a gift. The four oil paintings on canvas illustrated here serve
as representative examples of the variety of ways in which
the Art Collection has grown. The Elm by George Inness
(Fig.2) was given to the University in 1956, along with a
painting by Ralph Blakelock and prints by Whistler, both
American contemporaries of Inness, by William P. Viles,
an Augusta businessman and alumnus of the Class of 1928.
Gyorgy Kepes’s Scattered Nuances (Fig.3) was one of several
paintings included with a large number of recent prints
given in 1981 by Ann W. Harithas, a collector of contem
porary art in Houston, Texas. She is connected to the
University through her husband, James Harithas ’61, who
majored in history and government and served as a stu
dent assistant to Vincent Hartgen. He went on to hold posi
tions as curator at the Corcoran Gallery in Washington,
D.C., and at the Houston Museum of Contemporary Art.
William Gropper’s Plate from Heaven (Fig.l) was one of
forty-three paintings given to the Art Collection in 1983
by Sophie Gropper, the artist’s widow. These paintings and
a large group of drawings prepared for publication as po
litical cartoons make Orono the major center for the study
of William Gropper’s work, recognized by the naming of
the William Gropper Room for the Study of Art History
in Carnegie Hall. Edmund G. Schildknecht’s Seated Figure
(Cover) was acquired by the Art Collection in 1985, be
queathed by the artist along with twenty-three other paint
ings, and hundreds of prints and drawings by Edmund and
Ruth Stebbins Schildknecht, his wife. These follow a gift
by Edmund Schildknecht of over one hundred of his paint
ings and almost four hundred of his watercolors in 1973.
As a result, we can study Schildknecht’s whole life’s work
in intimate detail while at the same time enjoying his water
color landscapes placed in offices all over campus. Edmund
Schildknecht also left an endowment to fund the traveling
exhibits and other outreach activities of both the Art Col
lection and the art department. It is support like this that
has enabled the Art Collection to become such a signifi
cant educational and cultural resource for the University,
State and nation.
Four American Paintings
The four works illustrated here also exemplify significant
moments in the history of painting in the United States.
Inness reflects the discovery of landscape as the first sub
ject matter capable of eliciting broad popular support in
America during the course of the nineteenth century.
Schildknecht studied in Paris and reflects the adoption of
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nonrepresentational, decorative interests, from the Euro
pean avant-garde at the beginning of the twentieth century.
Gropper was a social realist. With his paintings, prints and
political cartoons, he commented on specific events and the
human condition through the Great Depression, World
War II and the McCarthy era. Finally, Kepes reflects the
first American movement in art of international signifi
cance, Abstract Expressionism, which originated in New
York in the late 1940’s.
Writing about George Inness in 1852, a critic complained
that his paintings “betray a much profounder regard for
‘old masters’ than for Nature. . . . The difficulty with Mr.
Innes (sic) is, that he has gone all wrong ... let him not
be mastered by the Masters. The end of the artist in stu
dying Raphael, Claude or Titian is not to know them, but
Nature.”4 This criticism is still appropriate to The Elm
(Fig.2), painted twelve years later in 1864. In it we see the
influence of Claude Lorrain, a seventeenth-century French
painter of idealized landscapes. Characteristic of Claude
are the juxtaposition of the large elm on the right with the
mass of growth at the intermediate distance on the other
side of the stream; the stream itself meandering down the
center to a distant vista; and the calm, still mood of the
scene bathed in the golden light of a setting sun. Inness
learned his first lessons in the subject matter and style of
the Old Masters indirectly, from descriptions, engravings
or poor painted copies, and from the example of Thomas
Cole and the Hudson River School of American painters,
who during the previous twenty or thirty years had suc
ceeded in making landscape an economically viable sub
ject matter for American artists. A trip to Italy in 1851-52
reinforced these lessons in the Old Masters. During the
following year in France he became acquainted with the
Barbizon School, a group of primarily French artists work
ing in and around the village of Barbizon in the Fon
tainebleau Forest near Paris. This experience led him to
closer observation of the details of nature and to a looser
application of paint, both of which are evident in the tree
that gives the painting its name and in the foreground of
The Elm. Yet the elm is not a particular elm which Inness
observed on this spot, for it appears in different settings
in a number of paintings he did in the 1850’s and 1860’s.5
This is therefore a landscape of the imagination. It was not
a faithful record of the American scene of the kind in which
the American public, at first suspicious of all art, could take
pride as revealing the economic and spiritual riches of the
vast new continent.6 When asked where a picture was
painted, Inness replied, “Nowhere in particular; do you sup
pose I illustrate guide-books? That’s a picture.”7
When American painters painted or critics spoke of
nature in the 1840’s and 1850’s, they meant the illimitable
untamed wilderness. Inness preferred, on the other hand,
as he later said, “civilized landscape” in which “every act
of man . . . marks itself . . . ”8 That sense of the inhabited

dominates The Elm, in the cleared banks of the stream, the
well-grazed grass, the worn path, and the two figures mov
ing along it into the late afternoon. Human presence per
vades the mood of the painting, as the .tree stands within
and the viewer stands at the verge of the ground depicted,
moving through it in his or her imagination in anticipa
tion of walking down the path.
By the 1860’s, when The Elm was painted, critics were
beginning to see the virtues of landscapes of feeling. As ear
ly as 1860, one critic remarked that Inness was “one of the
finest and most poetical interpreters of Nature in her quiet
moods.”9 A pamphlet published in 1863, perhaps written
by Inness himself, concluded that “the highest beauty and
truest value of the landscape painting are in the sentiment
and feeling which flow from the mind and heart of the art
ist.”10 It was on these terms that George Inness finally won
acclaim and financial success as the great American land
scape painter by his death in 1894. By then he had
developed a style so personal that we can no longer speak
either of the influence of earlier masters or of the observa
tion of nature, both evident in The Elm, but rather of a
spiritual, transcendent synthesis which in intent and ap
pearance anticipates Gyorgy Kepes’s Scattered Nuances (Fig.3)
painted more than a century later.
On February 17, 1913, an exhibition opened in New York
City at the Armory on Lexington Avenue at IwentySeventh Street that brought modern European art,
Cezanne, Gauguin, Matisse, and Picasso, to the attention
of American artists, critics and patrons, and scandalized
the general American public.11 The Armory Show went on
to Chicago where it drew 188,650 visitors in three and onehalf weeks. This exposure to the European avant-garde had
a profound effect on American art, once again orienting
it toward Europe, an effect clearly evident in Edmund G.
Schildknecht’s Seated Figure of 1929 (Cover).
Edmund Schildknecht was born in Chicago in 1899, and
moved a few years later with his family to Milwaukee.
There he began painting at age four when an aunt, an art
teacher, gave him a box of paints. She encouraged him and
so did a grandfather and uncle who also painted. He repaid
this encouragement later by teaching art for thirty-two years
at the Arsenal Technical Schools in Indianapolis, begin
ning in 1924.12 His life and art were a matter of lessons
learned and lessons taught.
Edmund Schildknecht’s early goal was to be a portrait
painter. After attending the Wisconsin School of Art in
Milwaukee from 1917 to 1920, he spent the next year at
the Pennsylvania Academy of Fine Arts receiving academic
training in precise and self-effacing representation. There,
as he later reported, “I was using ochres and blacks . . . and
one instructor ordered, ‘Fade these colors out.’ ”13 In 1923-24
he went to Paris with the family of one of his instructors,
and there he saw the art that was to stimulate his later
development, the art introduced to the United States by

the Armory Show. He began painting in watercolors, as
well as oils, and studied briefly at the Academic Julian and
the Academic de la Grande Ghaumiere. As he later
recollected, “I worked a great deal on my own. Paris then
was the city of Degas and Cezanne ... of Picasso.”14 All
three influences are evident in his Seated Figure. Character
istic of Degas is the point of view looking down at an odd
angle into the space of the room in which the figure sits.
The construction of the still-life of fruit out of planes of
color reminds of Cezanne. The flattening of floor and back
ground into a single plane is reminiscent of Picasso’s early
steps toward Cubism. But Henri Matisse is the greatest in
spiration here, in the highly saturated colors so different
from Schildknecht’s earlier “ochres and blacks,” in the
decorative patterns on rug, dress and background, and in
the composition that turns around the posture of the seated
woman. The painting has the feel of Matisse, joyful and
comfortable.
It is clear from this emphasis upon the sources of Ed
mund Schildknecht’s painting, that it cannot in one sense
be called original in either subject matter or style. Indeed,
some of the modern work which Schildknecht studied had
been painted as much as fifty years before. On the other
hand, there is no doubt that Seated Figure is a masterful syn
thesis of developments in French painting from Post
Impressionism through Fauvism and Cubism, from 1880
through 1910. It shows the broad dispersal, finally, of
developments in European painting throughout the United
States, to which Schildknecht returned in 1924. By the time
he painted the Seated Figure, he was teaching art in In
dianapolis, showing successfully in the mid-West, and
thereby disseminating in his oils and in an increasing
number of watercolor landscapes the lessons he had learned
abroad. He first summered in Eastport, Maine, in 1934,
and settled there after retiring from teaching in 1957, where
he remained until his death in 1985.
William Gropper is unsettling in contrast to Schild
knecht’s geniality. His Platefrom Heaven, 1963 (Fig.l), is loose
ly inspired by a Jewish colloquial expression which has a
variety of meanings: “Don’t expect a plate from heaven,”
which is to say do not expect the impossible, or “that was
truly a plate from heaven,” in appreciation of unexpected
good fortune.15 There is music, dancing, and the table is
being set, the women are well-fed and the men ecstatic. The
challah is sliced and waiting. And in flies the heavenly
waiter bearing the plate, a tray really, laden with herring,
lox, olives, bagels, and bologna, even wine, and a bowl of
fruit and drape that seem to have wandered in from a still
life composition. But is this joy? The waiter, in yarmulke
and prayer shawl, is deathly white and regards the viewer
with a less than welcoming expression. The colors are stri
dent and the space in Cubist topsy-turvy. Even if heaven
is catering, should we sit down and eat?
This ambivalence, this uneasy joy, this critical sympathy
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for people, their hopes and failures, are all characteristic
of William Gropper’s fifty years of comment on the human
and social condition. A member of what has been aptly
termed the “Post-Armory Ashcan School,”16 with such art
ists as Ben Shahn, Gropper used the human figure in his
work and illustrated the contemporary scene as the so-called
Ashcan painters like John Sloan had done at the begin
ning of the century. But the style of Gropper’s paintings
is radically different, reflecting Cubism in its distortion of
figure and space into shifting planes, and Expressionism
in its angularity, strong arbitrary colors, and aggressive
brushwork. Gropper saw the Armory Show when he was
sixteen and developed as an artist in the heady, experimen
tal, radicalizing atmosphere of New York, the city of the
emerging American avant-garde. The subject matter and
its treatment in Gropper’s painting also reflect a clear break
from the comparatively detached view of the earlier Ashcan
School, toward direct, personal involvement and an expres
sion of anger and anguish over social injustice.
Gropper was born on the Lower East Side of New York,
and with his family worked his way through the garment
district sweatshops, experiences he was not to forget in the
cartoons he began drawing for newspapers in 1917, or in
the paintings he began to exhibit in 1936. He knew life,
and was an uncompromising critic. He refused to cooperate
with the McCarthy Committee in 1953 and suffered the
consequent blacklisting. Even the success of the later 1950’s
and 1960’s, the numerous exhibitions and commissions, do
not seem to have mellowed Gropper’s jaundiced, though
occasionally sympathetic, perception of his fellow creatures
and the strength of his visual statement. According to one
acquaintance, “more than anything else, he had wit —
though I remember him as more truculent than comic —a
particular kind of American wit that goes back to Mark
Twain, and perhaps, partially Jewish, out of Sholem
Aleichem.”17
Gyorgy Kepes seems at first glance to have had nothing
in common with Gropper. In Scattered Nuances, 1973-1974
(Fig.3), Kepes explored the formal construction of art in
a style growing out of the experiments of the American Ab
stract Expressionists and Color Field painters who worked
in New York during the late 1940’s through the early 1960’s.
But his art was no less committed to revealing the difficulties
of human existence than that of Gropper: “It takes a special
courage today to face the heavy odds of a blighted land
scape; the vulgar faces of cities; the hard, mechanical
rhythm of the industrial scene, so out of time with our
heartbeats, our desires, our hopes; and the fantastic expanse
of cosmological pattern, from ultramicroscopic to superastronomical, unrolling from the looms of science. It takes
still more courage to take this whole as a whole.”18 The
means to achieve an integration proposed by Kepes may
remind us of the “feeling . . . from the mind and heart” in
Inness: “No less important than the outer vision with which
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we explore our environment is the inner vision we use to
explore ourselves and to find significance and meaning. Our
inner world is peopled with sense images—visual, auditory,
kinesthetic, tactual — formed from the traces in our systems
left by our sensory traffic with the environment.” It is these
synaesthetic inner images which are given form, for exam
ple, in Scattered Nuances, where “the colors, lines, and shapes
corresponding to our sense impressions are organized into
a balance, a harmony or rhythm that is in an analogous
correspondence with feelings, and these in turn are
analogues of thoughts and ideas.”19 Formalist, nonrepresentational art during the 1950’s, 1960’s and 1970’s often
existed as form divorced from content, form for form’s sake
as an extreme statement of art for art’s sake. But in the
art and writing of Kepes, form is always an intimate ex
pression, both passionate and rational, of a personal and
social commitment to make art and life whole. Scattered
Nuances integrates. It combines smooth texture with rough,
man-made pigment with natural sand, the electricity of the
intense blue against orange red with the overall quiet of
the green ground, the structure of the square frame and
parallel edges within the painting with the amorphous flow
across its surface.
Like Schildknecht, Kepes was a teacher. Born in 1906
in Hungary, he worked in Berlin and London on film, stage,
and exhibition design, before coming to the United States
in 1937. Here he was another in that wave of artists, writers,
and scientists who changed the cultural, intellectual and
academic climate of the United States before and after
World War II. He came to head the Light and Color
Department at the Institute of Design in Chicago which
he co-founded with Lazio Moholy-Nagy and Robert Wolff.
From 1946 he taught visual design at Massachusetts In
stitute of Technology, where he directed the Center for Ad
vanced Visual Studies from 1967 to 1974 in an inter
disciplinary attempt to fuse science and art. All the while,
Kepes maintained a steady written commentary on the
nature of vision and art, beginning in 1944 with his influen
tial Gestalt interpretation in Language of Vision,20 a book
which provides an understanding of the principles of visual
organization and the need for art’s “inseparable unity with
human life”21 which are given form in Scattered Nuances.
With Kepes and his contemporaries, Americans and
European expatriots, we have finally achieved in this coun
try a grasp of tradition, a fusion of theory and practice,
an originality and level of creative activity, to claim leader
ship in the art world. New York has replaced Paris, as Paris
replaced Rome, and Rome Florence. But the past is easy
to see. What will come in the future? What paintings from
the Art Collection will illuminate the recent history of
American painting in another forty years?

Figure 1. William Gropper, Platefrom Heaven, 1963, oil on canvas, 50” x 40”, acc. no. 83.62, gift of Sophie Gropper.

15

16

Figure 2. George Inness,
The Elm, 1864, oil on canvas,
36” x 50”, acc. no. 56.69,
gift of William P. Viles.
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Figure 3. Gyorgy Kepes, Scattered Nuances, 1973-1974,
oil and sand on canvas, 60” x 60”, acc. no. 81.211, gift
of Ann W. Harithas.
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Daily News (19-20 June 1976), p. 6, and The Quoddy Tides (13
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13 Bangor Daily News, p. 6.
14 Ibid.
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William Gropper (Philadelphia: Art Alliance Press, 1983), p.
55.
16 Ibid., p. 47.
17 Milton W. Brown, ibid., p. 8.
18 Gyorgy Kepes, ed., The Visual Arts Today (Middletown,
Conn.: Wesleyan Univ. Press, 1960), p. 11.
19 Ibid., pp. 3-4.
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seminars he held at M. I. T., published by George Braziller,
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We Stand Corrected
In Volume III, Number 1, of EXPLORATIONS, page 7
of the story on Biotechnology, we may have left readers with
the mistaken idea that chemical spraying is used to con
trol Potato Virus X (PVX). While chemical spraying is
generally effective in controlling various plant diseases and
insect pests, it is ineffective against PVX. Finding a gene
which could give Maine potato species immunity against
this virus appears to be the only effective way to combat
the disease.
On page 28 of the same issue, we mistakenly stated that
a change in pH from 4.0 to 5.0 represented a hundredfold
change; it, of course, represents a tenfold change.

We regret the errors, and we appreciate them being brought
to our attention.
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CONFESSIONS
OF A
COMET HUCKSTER
by Alan Davenport
On February 9, 1986, Comet Halley reached perihelion,
the closest to the Sun, for the thirtieth time since it is known
to have been observed by humankind. I was here to see it.
Admittedly, Halley’s was not visible on that date. In fact,
it was on the opposite side of the Sun from the Earth when
it reached perihelion, a location where astronomical ob
jects can hide from view, but during the months prior to
and following February 9, we Earthlings had many oppor
tunities to bask in the light of the most famous of comets.
Unfortunately, the light from Comet Halley during this
passage was very dim because of the distance that separated
us from the visitor that returns only every 76 years. And
that dimness is the reason that I must make this confes
sion ... I am a comet huckster.
As the director of the University of Maine Planetarium,
a facility that demonstrates, illustrates and teaches
astronomical concepts, I enjoyed the 1986 passage of
Halley’s Comet. Although our small planetarium is one of

Alan Davenport is the Director of the Planetarium at the University
of Maine. He holds a B.A. from Bates College and has studied
Astronomy and Planetarium Education at the University ofMaine and
West Chester University m Pennsylvania. His work as a populanzer
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shows; write monthly newspaper columns for weekly publications, and
contribute to a weekly column in the Maine Times. In 1983, Daven
port received the annual Professional Employee Community Service Award
for his work in promoting the planetarium as a resource to the com
munity of Maine.
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the oldest in the country, this was the first appearance of
Halley’s since its construction. In fact, none of the more
than 1,000 planetaria in the United States was built until
long after Halley’s last passage in 1910. This is part of what
made hawking a comet so easy. The return of this comet
followed two generations of families, one lifetime and many
technological advances that promised to make this comet
the grandest spectacle of Nature ever seen ... an event that
comes but Once In A Lifetime.
For my part, I produced two planetarium shows that ex
amined the comet and the properties of comets that make
them extraordinary among the bodies of the heavens.
Everyone was curious about the occasional approaches
made and their precocious habit of unfurling a menacing
tail at these times. It was a simple matter to lure people
into the planetarium with the promise of a sight that awed
their grandparents 76 years ago, and we thrilled a few with
the prospect of seeing the comet for themselves through our
observatory telescope. However, it was not quite so easy
to explain the conditions of this passage that would make
it the least impressive, dimmest, smallest Comet Halley ever
seen. In my inability to adequately convey that caution,
I am guilty of hyping Halley’s.
Attendance at planetarium programs reached an all-time
record, (more than 13,000), and more than 250 packets of
Halley information were sent to educators around the state.
So many elementary and secondary school classes learned
about Comet Halley that even kindergarten students in
timidated their planetarium host, (an Engineering/Physics
major), with probing questions on the elliptical shape of
comet orbits, even as the folding seats threatened to swallow

the children whole. Hundreds of phone calls allowed us to
explain the difference between a star, a bright planet, a
comet and the glow from the Bangor Mall parking lot.
Workshops on Halley’s taught teachers how to find and how
to teach others about the comet, and classes provided adults
with the means to locate the celestial visitor in the Spring
sky. But for all that, we still received the inevitable gripe
on our telephone answering machine one morning:

Halley’s Comet stinks. I haven’t seen it. I don’t KNOW
anyone who has seen it. I bet you haven’t seen it and
I bet YOU don’t know anyone who has seen it. It’s just
a big rip-off.
For, despite our technological advancements, Halley’s
seemed to be more myth than magic. It certainly hadn’t
scared anyone with its appearance. It wasn’t even bright
enough to be seen with the naked eye from the state of
Maine. So, why the big deal over a comet to start? Well,
like so many natural phenomena, the passage of a wellknown comet provides the people of science with an op
portunity to reexamine their understanding of the subject.
Every return provides new information and/or provides a
confirmation of old knowledge.
In late 1985, a man-made detector, the ICE in
terplanetary probe, became the first such object to make
physical contact with a comet. The NASA aerospace team
arranged this encounter with a relatively obscure comet,
Giacobini-Zinner, and it provided valuable information far
in advance of the encounters between the Japanese, Rus
sian and European probes and Comet Halley. A true test
of our technological evolution was our ability, at this passage
of Halley’s, to predict and observe in the astronomical sense.
The Palomar Observatory in California captured the re
turning voyager in October of 1982, a full forty months
prior to its perihelion approach. Compare that with only
eight months advance notice when the comet last visited
in 1910, and it was 2000 times brighter than during its most
recent visit. The electronic age was putting on a good show
with an old astronomical problem. That was part of the
thrill of Comet Halley in 1986.
The space probes from Russia provided the world with
the first ever close-up pictures of a comet nucleus, and we
had, for the first time, a chance to prove or disprove the
theories of comet composition. We found that the comet

nucleus was, indeed, a frozen composite with craters and
fissures from which gases escaped. It turned out to be much
warmer and dirtier than expected, and it was cigar shaped
more than round, but the basics of the theory put forth
in 1950 by Harvard professor Fred Whipple were upheld.
Unfortunately, even the close-up photographs were too
esoteric for most newscasters. The cloud of the comet’s head
made the images fuzzy at best, and many viewers were see
ing high tech for the first time in the form of computer
enhanced imagery. Here the colors and grades of contrast
were determined by a computer programmer, resulting in
a psychedelic pattern which held meaning for the scien
tists and researchers, but not for the lay person.
So the event of 1986, that Once In A Lifetime Opportunity,
was elusive for the average person. It might have gone into
the book of mythological creatures were it not for a few
diehards and astronomically informed individuals like
myself who did manage to capture it in binoculars or
telescopes. And what of the scientists whose cult rituals were
briefly exposed to the uninitiated? Enigmatic as it may have
been, we saw here the evidence that magically turns theory
into fact.
Did we really understand? Did we appreciate what was
happening when our own five senses were deprived of any
authentic, first-hand input? Perhaps the event of Halley’s
Comet, once every 76 years, took a step backward this year.
Perhaps it reverted slightly into the category of Old Wives
Tales and superstitions. I will take the blame for that.
I may be guilty of hyping Halley. I may have caused
someone to become frustrated by saying that Halley was
really up there to be seen, albeit dim. But Halley ’86 was
cause to celebrate the evolution of humankind. It was a
character of history celebrating an anniversary of a cosmic
periodicity. Halley’s at this passage had witnessed a huge
technological leap in our ability to understand the Universe.
Comet Halley, in many ways, was a measure of us.
Would I commit the crime again? You bet. The return
of the comet meant too much to be ignored. Between our
superstitions and our technological enlightenment I shared
with many a sense of wonder, awe and historic conscious
ness. We felt pride in our species’ scientific achievements
at the same time that we were intimidated by our inability
to control or even affect the course of a cosmic wanderer
such as this one. Besides, who else would teach elliptical
orbits to the kindergarten?
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H.G. WELLS:
Socialist, Feminist, Polymath,
Educator and Hero
by David C. Smith

The late summer and early autumn of 1986 mark major
anniversaries for the protean literary figure H.G. Wells. As
he was born 120 years ago this Sept. 21, and died 40 years
ago on Aug. 14, Wellsians all over the world are reassess
ing his life. It is time, many feel, to reckon with H.G. Wells.
While talking to Wells on one occasion at the Reform
Club nearly 60 years ago, the British essayist, novelist and
playwright Beverley Nichols put an interesting query to
him: “Let us say that an immense written examination has
been set on general knowledge, would you come out ‘top
boy’?” Wells, rather amused by the idea, told Nichols that
he thought both Arnold Bennett and Gilbert Murray would
have scored just ahead of him. Nichols remarked that Wells,
sitting in a chair as he answered the question, reminded
him of a spring at tight pressure which may at any mo
ment uncoil itself and leap out in the most surprising of
directions. Wells himself, discussing his own time, told
Nichols, “Our lives swim in expectation.”
Contemporaries routinely thought Wells one of the most
brilliant minds of their time. He radiated energy: intellec
tual, emotional, physical, sexual energies poised for the
events to come. Few today realize how much Wells meant
to young people growing to maturity from 1890 to 1950.
The use of his name to describe a scene, a style of writing
or a topic for discussion came as a matter of course to their
lips and pens, lb take only one example, Vera Brittain, on
a speaking tour in the United States in 1925 on behalf of
the League of Nations Union, wrote back home to her close
friend, Winifred Holtby, describing how she felt: “It is a
queer feeling to be alone in the largest hotel in the largest
city in the world — a city like no other city, filled with ter
restrial monstrosities, which at night appears like the grim
ghoulish worlds imagined in some of the novels of H.G.
Wells.”
David C. Smith is Professor of History at the University of Maine
where he also holds the positions of Cooperating Professor in Quater
nary Studies and Professor of Agricultural History in the Maine
Agricultural Experiment Station. His fields of interest include Land
Use History and Historic Climatology as well as Edwardian Literature
and the impact of science on ways of thought. He holds two degrees
from the University of Maine and earned his Ph D. at Cornell
University.
22

It’s not just the casual use of the Wellsian adjective by
those of his own time; it was and has been his direct influence
on Western thinking and action that remains as his legacy.
In 1984, Emmanuel Shinwell, “Manny” as he was affec
tionately known, celebrated his 100th birthday. Shinwell,
a life peer and former Labor cabinet member, first rose
to importance as a leader of Scottish shipyard strikes for
higher pay and better working conditions. He lived on as
a revered figure and, to mark his century, submitted to a
long interview in his London flat by a writer from The Sun
day Times. The obligatory question as to the influences
on his life brought forth a remark that could have been
made by thousands. After he said that his parents had had
little impact upon him, he went on: “But I used to go to
the public library and read everything. Darwin, H.G. Wells.
Wells meant a lot to me. I’ve got signed copies of his books
over there. I didn’t care much for Plato. I liked Socrates.
I used to go to the Kelvin Grove Art Gallery and look at
the dinosaurs. I was always interested in evolution.”
Even so, the Wellsian influence is not as well known to
day as it was 40 years ago. Some of his books — “The Time
Machine,” “The War of the Worlds,” “The Outline of
History” — have remained in print almost steadily since
their first publication. But the great mass of his work is
relatively unknown. University literature and history
courses touch his work only lightly, if at all.
Let me, then, state clearly what I consider to be Wells’
most important contributions. The first comes directly from
his training and scientific career. He took the doctrine of
evolution, as taught to him by TH. Huxley, and translated
it, along with much other burgeoning science of the period,
into textbooks and articles. This science also strongly in
fluenced his teaching, his fiction and his concept of writing,
all directed toward young scientists and others eager to learn
about the laws of nature. He used his knowledge not only
to describe his own world, but also to offer a glimpse into
worlds that might be.
Later, when military convulsions beset this century, Wells
led the way in trying to determine the causes of these im
mense dislocations. Eventually he brought many of his
readers (but not the governments of the time) to under
stand the reality of those terribly disabling years. He created
almost single-handedly what he called “a Universal Declara

tion of Human Rights,” the foundation for the declaration
later adopted by the United Nations Organization.
As he surveyed the world he lived in, Wells became con
vinced of the need for world education, open to all, to
achieve the socialist future he sought, and which he saw
as a cure for the world madness. The organization of those
ideas, and the propaganda efforts he undertook to establish
them, led to a series of statements about human life, its
purposes and capabilities, which were later given form by
William Beveridge and others in a postwar Britain far dif
ferent from the class-ridden world of Wells’ childhood. On
the way to that educational goal he wrote three magnifi
cent textbooks designed to enable any person to educate
himself. One of these, “The Outline of History,” helped pro
vide a guide road toward a universal human history, and
helped change that discipline drastically for the better.
In his fiction and other writings, Wells gave a bright glow
to middle- and lower-class hopes. His description of life in
“Kipps,” “The History of Mr. Polly” and “Love and Mr.
Lewisham” puts him in a class with Dickens. Other char
acters, such as Matilda Good, Uncle Ponderevo, and the
students in the laboratory of “A Slip Under the Microscope,”
are as vivid as any created in our language.
He fought, and to my mind won, a battle over the pur
pose and direction of fiction. The didactic novel was not
much prized in his time. He, however, saw its possibilities,
and supported it against the claims of academics and others
interested in truth and beauty solely from their own limited
perspective. In doing this, and in supporting new writing,
Wells opened up the modern novel in a way still not com
pletely recognized. Although the conventional wisdom is
that he lost the battle of purpose to Henry James, that is
a very superficial judgment.
A very general view is that James stood for art as the
main purpose in literature, while Wells thought literature
should be written with a message. Neither man held the
absolute extremes of these views, of course, though they
did debate the subject privately for 15 years, gave impor
tant talks and wrote significant essays announcing their
positions. In 1915 Wells wrote a novel parodying James’s
style and position, for which some have never forgiven him.
The whole issue needs rethinking.
When one hears Wells’s name today it is often with a
snicker because of his reputation as a great womanizer, but
he was a feminist in his own time, a leader in the cause
of women’s rights, and he was accepted as such by most
of the women he knew and, in fact, by those with whom
he went to bed.
Wells played a marvelous role in the opening out of
modern feminism. He was a supporter and advocate of
birth control at a time when few were willing to discuss
the subject. He thought women could achieve anything they
wished, and women who knew him well understood that
he meant what he said. He maintained as a goal, in his

fiction and in his personal life, the creation of norms of
thought that would allow others to realize their own wishes
and capabilities. “Ann Veronica,” “Love and Mr. Lewisham,”
“Marriage,” “The Secret Places of the Heart” and “Apropos
of Dolores” have widened our view of people in love far
beyond the fiction of Wells’s time and earlier. And when
one adds to this his willingness to sponsor experimental
fiction, especially that of James Joyce, Dorothy Richard
son, Lewis Grassic Gibbon, George Gissing and others, we
find his influence far beyond what is normally taught.
It may be considered a truism to say that Wells was the
last polymath, but that is too slick. Instead we should note
that he was a believer in a possible world, one in which
this species could live up to its potential. Failure was always
possible, and there were moments when that possibility
seemed to crush hope itself. But Wells, an outstanding ex
emplar of humanity in his hopes, his fears, his failures, his
occasional narrow outlook, but mostly in his soaring im
agination, was for the last 55 years of his life a leader in
thought and action. He was, in the words of the provost
in “Measure for Measure,” “careless, reckless, and fearless
of what’s past, present, or to come; insensible of mortality,
and desperately mortal.”
When Wells reached his 70th birthday, one of his favorite
organizations, PEN, tendered him an extraordinary birth
day party. When he rose to speak, to thank his friends for
coming, he opened his remarks by saying that he felt as
though he were a child again, and his mother was saying
“Master Bertie. It is time to put away your toys.” Wells told
his audience that he was not yet ready to go. He clung to
life and to his mission to make us and our world better.
Wells was right — it is not yet time to put away our toys and
go. We have a great deal to learn, and the playtime can
be marvelous fun. And, by staying on, not giving up, play
ing with these toys (our minds and our determination),
perhaps we can still save this species and our habitat. It
will be a near chance, no doubt, but as Wells himself would
have remarked, “If the ends don’t justify the means, what
the hell does?”

Excerpted from “H.G. Wells, Desperately Mortal: A
Biography” by David C. Smith, published by Yale Univer
sity Press. ® David C. Smith.

The above was reprinted with permission of the author from
the September 21, 1986, issue of the New York Times Book
Review. The book, published last September 17 by Yale
University Press, has been nominated for a Pulitzer Prize
in the biography category.
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SUPERCRITICAL FLUIDS AND THEIR
INTERACTION WITH LIGNOCELLULOSIC
MATERIALS AND POLYMERS
by Erdogan Kiran

Supercritical Fluids and Their Significance

Solid, liquid and gas are the three states of matter that we
easily recognize in our everyday life. Depending on the
physical conditions such as temperature and pressure, these
phases can exist alone or in equilibrium with other phases.
A pressure-temperature phase diagram for a pure substance
is illustrated in Figure 1. The curves AB, AC and AD are
the boundaries separating two single phase regions and
represent the coexistence curves between liquid and gas
(AC) solid and gas (AB) and solid and liquid (AD). More
commonly these curves are known as the vapor pressure,
sublimation and melting curves, respectively. On the coex
istence curves, the phases can exist in equilibrium with each
other, but for any value of P and T that does not fall on
one of these curves the substance is in a single homogenous
phase. The curves intersect at a Point A known as the tri
ple point where all three phases coexist in equilibrium. The
end point of vapor pressure curve C is known as the gas
liquid critical point at which coexisting gas and liquid phases
become identical. Like the triple point, the critical point
Erdogan Kiran is Professor of Chemical Engineering at the University
of Maine where he holds the Gottesman Research Professor Chair in
Chemical Engineering. A native of Turkey, he has been a member of
the University ofMainefacultyforfive years. Beforejoining the UMaine
faculty, he was employed by the Turkish pulp and paper industry and
served an thefaculties of the Technical University of Istanbul and Bogazici
University, formerly Roberts College, in Istanbul. His primary research
focus has been in pulp and paper and polymer science. He earned his
Ph.D. from Princeton University, a master’s degreefrom Cornell Univer
sity, and a bachelor’s degree from the Massachusetts Institute of
Technology, all in Chemical Engineering.
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occurs at a particular pressure and temperature. Above the
critical point there is no distinction between a liquid and
a gas and it is impossible to liquefy a substance simply by
increasing the pressure. This homogeneous fluid state above
the critical point is regarded as a fourth state of matter,
the supercriticalfluid state, and a substance that has been heated
above and compressed beyond its critical temperature and
pressure is known as a supercritical fluid.
Whereas pure substances are characterized by a critical
point, binary systems exhibit a critical line in the three dimen
sional temperature-pressure-composition space. Above the
critical line, which is the locus of critical points correspond
ing to different compositions, components may be mixed
in all proportions and only one phase exists.
Supercritical fluids have properties which differ
significantly from those of liquids and gases. This is because
near the critical region many macroscopic properties such
as the density, dielectric constant, solubility parameter,
viscosity, diffusivity, and thermal conductivity undergo
large changes. As a result supercritical fluids display liquid
like densities, yet compared to ordinary liquids have lower
viscosity and higher diffusivities (Table 1). They present
no surface tension or wetting problems. These features give
them enhanced penetration and dissolving capabilities.
As a particular example of changes that occur near the
critical point, the change in density with pressure at dif
ferent temperatures is shown for carbon dioxide in Figure
2. Along an isotherm above the critical temperature (Tr > 1)
small changes in pressure lead to major changes in densi
ty, which is more pronounced near the critical temperature
especially in the range 1< Tr<1.2. It is easy to see from

this figure that in the supercritical state the density of the
fluid can be continuously varied from low to high values
by manipulation of pressure or temperature without enter
ing two phase regions. This observation is of profound im
portance. This is because solubility parameter and solvent
power are directly related to density and therefore the
dissolving power of supercritical fluids can be regulated and
be made selective for different solutes. In other words,
depending upon the density (or pressure) level, the same
supercritical fluid may be turned into a specific solvent or
a non-solvent for a given solute. Such features make these
fluids very attractive as process solvents for a wide range
of applications in natural products, biochemicals, food,
pharmaceuticals, petroleum, fuel, polymer and specialty
chemicals industries. Supercritical fluids offer unusual
possibilities for selective extractions and, fractionations,
separation and purification, material deposition and im
pregnation, nucleation and particle size regulation, and
chemical reactions and synthesis. Some specific examples
are decaffeination of coffee (which is a commercial opera
tion in Germany), deodorization of oils and fats, extrac
tion of hops and spices, removal of oil from potato chips,
removal of alcohol from beer and other alcoholic beverages,
coal or biomass liquefaction, catalyst preparation and
regeneration, toxic waste removal, polymer or chemicals
deposition in microporous substrates, polymer synthesis
and fractionations. Another example of utilization of super
critical fluids is seen in supercritical fluid chromatography
where programming the density of the eluent fluid at
temperatures near the critical temperatures (which are often
not very high), progressively higher molecular weight
solutes or thermally unstable compounds are separated and
removed by use of a solvent from a chromatographic col
umn without thermal degradations.

Research at the University of Maine
Our research program in the chemical engineering depart
ment is a fundamental and applied study of the interac
tions of supercritical fluids with lignocellulosic materials
and polymers. The practical objective is the development
of novel processes for the pulp and paper, forest products
and polymer industries. In particular, potential utilization
of supercritical fluids in pulping and bleaching, as well as
fractionation and recovery of wood based chemicals is being
investigated. To this end the behavior of compounds of vary
ing complexity ranging from relatively simple model com
pounds (such as glucose) to complex polymers (such as
lignin) and multicomponent polymeric networks (such as
wood) or solutions (such as black liquors) is being studied.
More specifically solubility, stability and reactivity of these
compounds in various supercritical fluids are being in
vestigated. In order to develop a better understanding of
the behavior of naturally occurring complex polymers, a

parallel effort is being carried out with well-characterized
model polymers such as polystyrenes and poly(methyl
methacrylates) of known molecular weight and molecular
weight distributions. The work on synthetic polymers has
potential applications for fractionation and purification pro
cesses, for preparation of polymers with controlled molec
ular size, and for preparation of polymeric composites or
polymer modified matrices by impregnations and precipita
tions from a supercritical fluid phase.

A High Pressure-High Temperature View-Cell for
Thermodynamic Measurements
In order to determine the equilibrium solubilities and phase
behavior in various fluid-solute mixtures, we have designed
and built a special variable-volume view cell that is shown
in Figure 3. There are two sapphire windows on both sides
which permit visual observations inside the cell. The
temperature and the pressure inside the cell are accurate
ly measured by special transducers. In its present form the
cell is operable at pressures up to 15000 psi (1000 atm) and
200°C. In a typical experiment the cell is loaded with an
accurately weighed amount of the solute of interest, the
fluid is introduced through a pump, and the supercritical
pressure and temperature conditions where complete
dissolution of the solute takes place, are determined. A laser
optical device and detector system monitors the intensity
of light passing through the cell and permits precise
measurement of phase changes. A pressure generator and
piston assembly allows independent control of the pressure
of the cell at any temperature by changing the internal
volume of the cell. With this experimental setup we deter
mine the minimum pressure required to induce complete
dissolution or precipitation at a given temperature, or the
temperature of dissolution or incipient precipitation at a
given pressure. Figure 4 is such a pressure-temperature
diagram showing the solubility of a polystyrene sample of
molecular weight 4000 in n-butane. At temperatures and
pressures above the curve there is only one phase and com
plete miscibility is achieved. It is exciting to see that a fluid
such as n-butane which is a gas under normal conditions,
when compressed, becomes a solvent for polymers such as
polystyrene. The demixing curves for polystyrenes of higher
molecular weights follow different pressure-temperature
lines. In other words, depending upon the pressure level,
n-butane becomes a solvent for different molecular weight
polymers. From a processing perspective, fractionation of
a polydisperse polymer sample into narrow molecular
weight cuts, or penetration of a polymer into a microporous
matrix and then in situ precipitation, can be readily achieved
by simple manipulations of the fluid pressure. It is to be
noted that n-butane is only one of the many possible fluids.
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More on Supercritical Fluids
Table 2 shows the critical properties of a variety of fluids.
As can be seen from this table, supercritical conditions do
not necessarily imply very high pressures or temperatures.
Except perhaps for water, critical pressures for most fluids
are lower than 100 atm and critical temperatures are lower
than 250° C. Historically carbon dioxide has been the most
extensively investigated supercritical fluid. This is because
it is non-toxic and has favorable critical properties, its
critical temperature being near room temperature. As such,
it offers many advantages when the application area re
quires low operational temperatures to handle thermally
unstable solutes or non-toxicity as would be crucial in food
and pharmaceutical applications. The dissolving capabili
ties of carbon dioxide are however limited.
In our research program we are working with a variety
of fluids which differ with respect to their chemical nature,
molecular size and polarity. We are using single compo
nent fluids such as carbon dioxide, ethylene, nitrous ox
ide, n-butane, ammonia, methyl amine, ethanol, sulfur
dioxide; binary fluid mixtures such as carbondioxide
ethanol, carbondioxide-water, carbondioxide-sulfur diox
ide, ammonia-water, and ternary mixtures such as carbondioxide-ethanol-water and ammonia-carbondioxide-water.
Our interest in such diversity of fluid systems is linked to
our research on lignocellulosic materials and the anticipated
applications in pulp and paper and forest product in
dustries. We are exploring the possibilities of using the high
degree of penetration and adjustable dissolving power of
supercritical fluids for selective dissolution and removal of
various wood constituents.

Possibilities for Pulping and Recovery of Wood Based
Chemicals
Chemically, wood consists of cellulose, lignin, and
hemicelluloses (which are all polymeric molecules) and low
molecular weight extractives and some inorganic matter.
By changing the solvent properties of supercritical fluids
in a controlled manner, sequential extractions of all wood
constituents starting with the low molecular weight extrac
tives can in principle be achieved. However, among the
polymeric constituents, lignin is a nonlinear aromatic
polymer network which is crosslinked and does not dissolve
in any known solvent without first chemical modifications
or breakdown. For pulping and bleaching applications
where lignin removal is required, our metholdology is to
use a binary or ternary supercritical fluid system such as
those mentioned above in which at least one component
is capable of reacting with the lignin moieties and the other
capable of dissolving and carrying the reaction products.
We are searching for those fluids and operational condi
tions that will give high selectivity towards lignin without
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excessive degradation of cellulose and hemicellulose frac
tion - which would be most desirable for pulping or
bleaching operations.
In order to study the dynamic aspects of dissolutions and
reactions in single or multicomponent supercritical fluid
mixtures we have designed and built a special high pressurehigh temperature follow-through extraction system which
is shown in Figure 4. The system has been designed to per
mit also the study of the ease of precipitation of a dissolved
solute from a supercritical fluid stream by stagewise pres
sure reductions. The three trap precipitators after the ex
traction (reactor) vessel are maintained at progressively
lower pressures. This way, the various constituents that are
dissolved in the extractor, due to inherent differences in
their solubilities at different pressures, are fractionated and
collected in the traps. Using these traps we are exploring
another feature of supercritical fluid processing. Since
precipitation by changing the pressure (or density) while
still maintaining the extraction fluid in its supercritical state
is in principle possible, the extracted constituents may
be precipitated in a solvent-free form. The system permits
us to verify this expectation and the appropriate conditions.
A reflection on commercial pulping processes should be
sufficient to appreciate the significance of solvent-free
precipitations from supercritical fluids. The treatment of
spent pulping liquors is a major effort in the kraft process.
The processing of black liquors involves washers, multiple
effect evaporators, recovery furnace, lime kiln and
causticizers which are capital and energy intensive. Such
elaborate recovery cycles may altogether be eliminated in
a successful supercritical pulping process since dissolved
wood base organic chemicals may be collected in solventfree fractionated forms permitting their direct use as
chemical feed stocks or fuel. At this point, we may also point
out that supercritical fluids may be employed in the treat
ment of conventional spent pulping liquors and waste
streams to concentrate and recover lignin fragments and
organic byproducts.
The extraction system in its present form is capable of
operating at pressures up to 6000 psi and temperatures up
to 200°C. We operate at selected pressures and
temperatures in the extractor and determine the extent of
dissolutions as a function of time. Table 3 shows some data
for cellulose and red spruce obtained from this system at
operational temperature of about 1.1 times the critical
temperature (expressed in °K) of the respective extraction
fluids.
Because of the complexity of wood structure, along with
different wood species, we are evaluating simpler com
pounds such as cellulose and hemicelluloses (in particular
arabinogalactan and xylan), kraft lignins and monomeric
compounds such as glucose, xylose and cellobiose. Initial
studies on their behavior in single component fluids pro
vide a reliable basis for the design of appropriate fluid mix

tures for selective removal of desired constituents from com
plex networks such as wood or mixtures such as black
liquors.
University of Maine Research Team and Outside
Interest

At the moment three graduate students, Vasudev P. Saraf,
Lixiong Li, and Yasar Lutfu Sen, Ph.D. candidates in
Chemical Engineering, are working with me in this general
research area. Mr. Saraf is focusing his efforts on the
behavior of synthetic model polymers. He is also develop
ing theoretical predictive models for phase equilibria. Mr.
Li is exploring the behavior of lignocellulosic materials with
particular emphasis on wood and related model com
pounds. Mr. Sen is studying the transport and ther
modynamic modeling aspects pertaining to both natural
and synthetic polymer systems.
Our research program is funded by the National Science

Foundation and a number of participating industrial
organizations. As has been reported in the August 5, 1985,
issue of the Chemical and Engineering News, our research
efforts on supercritical delignification for novel pulping and
bleaching possibilities were designated by NSF as being the
first example of a high risk/high return innovative research
program that the foundation has funded. Our efforts in this
area have been further recognized recently, in the October
1986 issue of Bioprocessing Technology which is a month
ly publication on technical advances and insights.

Future Outlook

There are still many questions to be answered. But our
research program is a comprehensive one and exciting times
lie ahead. Our success in this research effort has the poten
tial of revolutionizing the whole pulp and paper industry
and opening up new directions in polymer science and
chemical processing.

TABLE 1

Physical Properties
Order of Magnitude Comparisons

PROPERTY

GAS

LIQUID SCF

Density (g/cc)

10"3

1

0.7

Viscosity (g/cm -s) 10"4

10'2

10'3

Diffusivity (cm 7s) io-1

10’5

10’3
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TABLE 2

PROPERTIES OF SELECTED FLUIDS
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BP(°C)

Tc(°C)

Pc(atm)

Carbon dioxide
Ethylene
n-Butane
n-Propane
Freon 13

-78.5
-103.6
-0.5
-42.1
-81.3

31
9.9
152
96.8
29

72.9
50.5
37.5
42
38.7

Water
Ethanol
Methanol
Acetic Acid
Phenol
Acetone

100
78.5
64.8
118
181.7
56.3

374.1
243
240
321.3
421.1
235.5

218.3
63
78.5
57.1
60.5
47.0

Ozone
Oxygen

-111.7
-182.8

-5.2
-118.4

67
50.1

Chlorine
Chlorine dioxide

-34.3
9.9

144
-—

76.1
-—

-10
Sulfur dioxide
Hydrogen sulfide -60.3

157.8
100.4

77.7
88.9

Ammonia
Nitrous oxide

-33.4
-88.5

132.8
36.5

112.5
71.7

Methylamine
Ethylamine
Dimethylamine

-6.3
16.6
7.4

156.9
183.2
164.6

40.2
55.4
52.4

TABLE 3

Extent of Dissolution of Wood and Cellulose
in Supercritical Fluids

Solvent Fluid

Critical Properties
Tc («K)
Pc (atm)

Extraction
Conditions
Tr
Pr

% Weight Loss of
Red Spruce
a -cellulose

Carbon Dioxide

304.1

72.9

1.11

4.3

0.5

0.1

Ethylene

282.9

50.5

1.11

5.4

0.0

0.0

Nitrous Oxide

309.6

71.7

1.13

3.7

3.8

3.6

Ammonia

405.9

112.5

1.13

2.4

19.1

16.7

Methylamine

430.0

40.2

1.1

4.1

28.2

15.7

n-Butane

425.1

37.5

1.04

8.0

11.5

4.5

TEMPERATURE

Figure 1. Pressure-temperature phase diagram for a pure
substance. (S = solid; L = liquid; G = gas;
SCF = supercritical fluid).
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Figure 2. Variation of reduced density
= plpc) with reduced pressure
(Pr = P/Pc) at different re
duced temperatures (T
=
T/Tc) for carbon dioxide. At the
critical point Pc = 72.9 atm, Tc
= 304.1°Kandpc = 0.468 g/cc
and P r = T r = o
Pr = 1.0.

Figure 4. Demixing curve for a
polystyrene sample of
molecular weight 4000
at a concentration of
17.62% in n-butane.
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Figure 3. Experimental system for high pressure-high
temperature thermodynamic studies. (SDS =
solvent delivery system; FT = fluid tank; P
= pump; RD = rupture disk; PG = pressure
gage; CV = check valve; PGEN = pressure
generator; V = valve; VC = view cell; TC =
temperature controller; PR = pressure read
out; TR = temperature readout; L = laser;
OB = optical bench; PD = photoelectric
detector; MS = magnetic stirrer).
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Figure 5. Experimental system for high pressure-high
temperature extraction studies. (P = pressure
readout; T = temperature readout; TC =
temperature controller; PH = preheater; FR
= flow-through reactor; TP = trap
precipitator).
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